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Introduction:  A comprehensive modeling effort 

was carried out to describe atmospheric conditions for 
EDL of the Mars Science Laboratory (MSL) spacecraft 
Curiosity [1].  In the mesoscale model results, a strong 
correlation was seen between Gale Crater and the 
simulated Convective Boundary Layer (CBL) depths.  
This led to an examination of the role the circulation 
plays in modifying CBL depths in Gale Crater.  This 
was explored in depth by [2]. 

Results from the Rover Environmental Monitoring 
Station (REMS) show that near the landing site in Gale 
Crater the amplitude of the diurnal surface pressure 
cycle is quite large [3].  This can be simulated with 
mesoscale models, not with Global Climate Models 
(GCMs).  The normalized amplitude is much larger 
within Gale Crater.  This is believed to be a conse-
quence of the crater circulation [3], which a mesoscale 
model is able to resolve [2].  Since Gale Crater is lo-
cated near the base of the hemispheric dichotomy, with 
its topography and albedo both highly asymmetric, the 
circulation inside the crater is incredibly complex and 
very difficult to characterize.  In order to understand 
the processes that modify the CBL depths and surface 
pressure cycles (inside Gale, and likely in many other 
craters), a mesoscale model is being used to examine 
the circulation caused by idealized crater topographies. 

Methodology:  The Oregon State University Mars 
Mesoscale Model (the OSU MMM), used in [2], is also 
used in this study.  To quantify the effect of the crater 
circulation, we first had to develop the ability to per-
form a simulation with no diurnal cycle of surface 
pressure when the topography is flat. 

Flat topography.  With constant albedo and ther-
mal inertia in the absence of sloping topography, and 
when the temperature profile at the lateral boundary is 
a consequence of radiative forcing and an atmosphere 
that simply expands and contracts in the vertical, there 
is no wind and atmospheric mass is constant in the 
modeling domain.  In this highly idealized situation, 
there is no diurnal cycle of surface pressure. 

The construction of boundary and initial conditions 
to achieve this is an iterative process, where GCM out-
put from a single location is initially used over a flat 
and uniform modeling domain.  Winds in the modeling 
domain are initially forced to zero.  The central region 
of the modeling domain is averaged at all output times 
from the second sol to provide the diurnal cycle of 
temperature to be used at the lateral boundary and for 

the initial condition.  The solar forcing is modified so 
all locations are at the same local solar time of day, 
and the Coriolis parameter is set to zero.  After only a 
few iterations with a small domain, the initial and 
boundary conditions are sufficiently determined and 
are applied to a larger domain.  Then, when winds are 
allowed, the resulting velocities are quite negligible. 

An idealized crater.   At this point an idealized cra-
ter is added to the topography, and the initial air tem-
perature field is adjusted accordingly.  Experiments 
have shown that a large domain, very good vertical 
resolution, “soft” lateral boundaries wide enough to 
eliminate reflections, and a “few” days used for model 
spin-up provide results that are highly noise-free for 
analysis.  Additionally, a single level of nesting is use-
ful when very good resolution of the crater and the 
resulting circulation is desired.  The topography of the 
nest used in the case described here (with a crater 
about twice the size of Gale Crater) is shown in Fig. 1.  
Taken from the GCM donor location, the albedo and 
thermal inertia values are respectively 0.126 and 174 
units SI.  As seen in Fig. 1, random noise has been 
added to the axisymmetric crater topography.  This 
provides a degree of realism by exciting smaller scale 
circulations in and near the crater.  The random noise 
decreases rapidly with distance from the crater, as 
would be the case with crater ejecta.  The mother do-
main is 250x250 gridpoints at a resolution of 12 km. 

 
Figure 1.  Nest topography of an idealized crater with a 
central mound (a Gale Crater analog) is shown.  The 
nest is 150x150 gridpoints at a resolution of 4 km. 
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Results:  The model is run for a total of five sols.  
The final sol of the simulation is used in the construc-
tion of all figures shown below. 

Diurnal surface pressure cycle range.  For a subset 
of the mother domain, the normalized range of the sur-
face pressure cycle is shown in Fig. 2.  The ~3% dif-
ference between the crater floor and locations outside 
is in very good agreement with that described in [2] for 
Gale Crater.  This is a consequence of the crater circu-
lation, which modifies the air temperature profile 
(more deeply warm/cool during day/night).  By taking 
the average of a large number of radial slices, the axi-
symmetric structure of air temperature is produced and 
shown in Fig. 3 (at 0800 and 1600, the times of the 
maximum and minimum in the surface pressure cycle). 

 
Figure 2.  The range of the normalized surface pressure 
cycle is shown for a subset of the mother domain. 
 

 
Figure 3.  Average slices of air temperature are shown 
at the time of the maximum and minimum values in 
the surface pressure cycle (0800 and 1600). 

Axisymmetric Circulation.  During daytime, strong 
upslope flow on the crater walls and the central mound 
cause subsidence over the crater floor through the con-
servation of mass.  For a local solar time of 1430, 
mean slices of the vertical velocity and the radial ve-
locity are shown in Fig. 4.  At night, “cold pooling” 
appears to be the primary cause for growth of the much 
deeper cold air temperatures.  Small positive vertical 
velocities are seen at night, and would contribute in the 
cooling of the air column. Animations of Figs. 3 and 4 
are very helpful for depicting the changing circulation 
and its effect on air temperature. 

 
Figure 4.  Average slices of vertical and radial wind 
velocity are shown for a time of 1430. 

Conclusions and Ongoing Studies:  With the abil-
ity to run the OSU MMM for idealized cases (no sur-
face pressure cycle with flat topography), we find that 
adding a crater excites a circulation that causes a sur-
face pressure cycle that is in very good agreement with 
the enhancement seen in a realistic mesoscale simula-
tion for Gale Crater [2], in good agreement with 
REMS data [3].  The circulation modifies the tempera-
ture of the air column over the crater floor, and the 
surface pressure cycle responds hydrostatically. 

We have examined a number of crater topogra-
phies, both with and without central mounds.  A cen-
tral mound is not needed for this effect, although it 
does play a role in its amplitude.  The horizontal size 
of the crater has a sizeable effect on the timing of the 
maxima and minima.  It may be possible to character-
ize this regarding the crater aspect ratio.  This study 
suggests that crater circulations are meteorologically 
important for a wide range of scales on Mars. 
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